Selenium, an important dietary nutrient, is found in many foods. Selenium occurs in various chemical forms including in amino acids with methylselenium functional groups, such as selenomethionine (Semet) and Se-(methyl)selenocystine (Metsecys). We developed a procedure for determining methylselenium in foods such as wheat, a significant dietary source of selenium in the United States. This method is based upon the reaction of cyanogen bromide (CNBr) to cleave the CH 3 Se-functional group of Semet and Metsecys to form the volatile compound, CH 3 SeCN. Addition of stable isotope ( 74 Se) enriched selenomethionine to an analytical sample allows direct determination of naturally occurring protein bound Semet by gas chromatography/mass spectrometry (GC/MS), without a protein digestion step, using highly precise stable isotope dilution techniques. We found that a wheat gluten reference material (NIST RM 1818) contains 64% methylselenium of its assigned value of 2.58 µg Se total /g. and that commercial selenium yeast tablets contained 73% of total selenium as methylselenium [147 ± 10 µg Se metse /g (n = 9)]. These two materials would be good candidates for further study and characterization as reference materials for determining this important food component.
Introduction
Selenium has recently been identified as an important nutrient in the diet due to its antioxidant capabilities [1] and is found in many foods, with grain products having a high concentration. The selenium concentrations in grains can vary widely from area to area, depending on the selenium concentration of the soil. Other sources of selenium are seafood (especially tuna), liver, and to a lesser extent, meats and eggs. While there is provisional information on the selenium content of foods [2] the selenium content of most food items is not well established. Selenium is found in various chemical forms, with some organic forms incorporated in protein bound amino acids such as selenomethionine (Semet), which is the selenium analog of the sulfur containing amino acid methionine.
Organically bound selenium, as Semet, is better adsorbed than inorganic selenium compounds [3] . Thus there is considerable interest in its metabolic and biological role. There is also increasing interest in the biological role of another selenoamino acid, Se-(methyl)selenocysteine (Mesecys) [4, 5] . Both Semet and Mesecys contain a functional methylselenium (metse) group ( fig. 1 )
The US Department of Agriculture encourages the populace to eat "plenty of grain products, vegetables and fruits" [6] . In addition to the fiber, macronutrients, and other components, grain products are considered to be a good source of selenium. With the current emphasis on antioxidants, it is easy to recognize the importance of being able to quantify the content of both total selenium and its organic forms in foods. We developed a procedure for accurately determining the Semet content of foods [7] based on the textbook reaction of cyanogen bromide (CNBr) with methionine, containing the CH 3 S-functional group to form the volatile compound CH 3 SCN. The chemistry for Semet is similar, with CH 3 SeCN being formed ( fig. 2 ). This volatile species can be detected by gas chromatography/ mass spectrometry (GC/MS). We have also shown that this CNBr reaction does occur with the CH 3 Se con- [8] .
When stable isotope ( 74 Se) enriched labeled Semet is added to an analytical sample and allowed to react with CNBr, an estimation of the protein bound Semet is possible via isotope dilution techniques. However, if this procedure is to be used by different labs, suitable reference materials (RMs) where the Semet concentration is known and verified are needed to determine the validity of the lab results. We have previously show that two high protein matrix-candidate RMs (NIST RM 8418 wheat gluten and a selenium enriched commercial yeast), contained significant amounts of their selenium content as Semet. These materials should be considered as candidates for further development as a suitable RM to determine the Semet content of foods [8] .
Materials and methods
Wheat gluten (RM-8418) was obtained from the National Institute of Standards and Technology (Gaithersburg, Md., USA) and has an assigned value for total selenium content of 2.58 µg/g. A sample of a commercial product labeled to contain "selenium yeast" in tablet form was obtained at a local grocery store. The label claim was for 200 µg selenium per gram. During the course of our studies, we also obtained a sample of pure selenomethionine from the United States Pharmacopoeia (USP), which was a candidate standard sample under development by the USP. Commercial samples of selenomethionine were obtained from Sigma (Sigma, St. Louis, Mo., USA, No. S-3975) and Fluka, Biochemika (Buchs, Switzerland, No. 84925). 74 Se labeled selenomethionine stock solution (10 -3 M) was obtained from C. Veillon, Nutrient Requirements and Functions Laboratory, USDA, ARS, BHNRC, Beltsville, Md., USA.
Preparation of solutions and samples
The weights of all additions for reagents, samples, solutions, etc. were determined gravimetrically to ensure accurate and precise quantification. Standard, wheat gluten or yeast samples were weighed into graduated 5 ml sample vials (Wheaton, Millville, NJ, USA, #986299). A two ml aliquot of the 74 Semet labeled acid solution (0.1M HCl) containing 2% stannous chloride (see below) was added directly to the test portions and vortexed to ensure complete incorporation of sample into the aqueous solution. Vials were held at 36 to 37°C overnight to ensure complete mixture of the protein material with the labeled spike. CNBr (200-µL) (Aldrich, Milwaukee, Wisc., USA, CAS# 506-68-3) was added, vortexed, then heated at 36-37°C for 4 hours. To extract the product, CH 3 SeCN, 1 ml of chloroform (CHCl 3 ) was added vortexed, then allowed to stand at room temperature until phase separation was complete. The organic phase was separated and 1 µL aliquots injected into the GC/MS for analysis.
Labeled acid solution
In a 25 ml volumetric flask, SnCl 2 -2H 2 O (~555 mg) (Aldrich, Milwaukee, Wisc., USA, No. 24,352-3) was dissolved in 12 ml of 0.1 M HCl (pH = 1). 74 Semet labeled stock solution (50 µL at 10 -3 M) was weighed into the flask, mixed, brought up to volume with 0.1 M HCl and thoroughly mixed. Thus, the final concentration for the solution was 22.2 mg SnCl 2 -2 H 2 O (approximately 2% by weight) and 2 µL of 74 Semet label solution per gram of solution. The solution was held at 0°C. These quantities yielded enough spiked acid solution for 12 samples (2 ml per sample vial).
Instrumentation
The volatile CH 3 SeCN was separated and detected using a Hewlett-Packard (HP, Agliant Technologies, Wilmington, Del., USA) 6890 Gas Chromatography System, with an HP 5973 Mass Selective Detector. The GC was fitted with an Agilent HP-5MS column, (cross-linked 5% phenyl-methyl diloxane column with an inside diameter of 0.25mm, film thickness of 0.25 mm, and length of 26 m). The injection port was operated in the splitless mode at a temperature of 250°C, pressure of 2.47 psi (X pa), with helium carrier gas. 
Results and discussion
Results obtained on solutions of commercial and USP standard Semet solutions are presented in table 1. Total selenium in these solutions was determined by gas chromatography/isotope dilution mass spectrometry (GC/IDMS) following acid digestion. Agreement of analyzed selenium as Semet (column 2) with analyzed total selenium (column 3) and/or expected selenium (column 1) was quantitative. The enriched yeast tablets had a mean value of 146.8 ± 10.3 µg selenium (as Semet) /g, as shown in table 2. These values show that 73% of the label claimed total selenium content is present as selenomethionine. As determined by IDMS, the commercial yeast tablets contained 210 mg Se total /g (total selenium determined by IDMS by C. Veillon of the Nutrient Requirement and Functions Laboratory, BHNRC, USDA). The label claims are for an elevated level of "organic selenium"(200 mg/g), usually as Semet.
For the wheat gluten (RM8418) sample, repeatable results were also obtained (table 2) at a level almost two orders of magnitude lower than the yeast sample, which more closely reflect "natural" levels in most foods. These results showed that 64% of the assigned total selenium value of 2.58 µg/g in the wheat gluten RM was present as Semet.
The quantification of selenium in these two samples proved to be a bit of a challenge due to the matrix. The Semet, and previously reported Metsecys [8] , stand- ard solutions are liquids with no other components to interfere with the reaction. However, the samples of wheat gluten and the yeast tablets introduced a complex biological matrix. There were occasional problems in obtaining a complete suspension of the matrix in the liquid phase (0.1 M HCl). This was accomplished by ensuring that the yeast tablet was pulverized well with a mortar and pestle, and that the analytical test portions of both the yeast and wheat gluten were mixed well immediately upon addition to the aqueous phase. This prevented the formation of a semi-solid layer in the reaction vial. Another obstacle was occasional difficulty in obtaining clean phase separation upon extraction with chloroform. To correct for this, an additional amount of CHCl 3 (e.g. 0.5 ml) was added in these cases.
Conclusions
This is a quick precise method to determine selenomethionine in foods. There is a significant amount of Semet in both of the materials studies, and they would make good candidate RMs. The predominant form of methylselenium in these two protein-based candidate materials would be expected to be selenomethionine. Mesecys is expected to occur more often in other plant materials such as broccoli. This CNBr procedure would not distinguish between these two forms of organic selenium, i.e., selenomethionine and Se-(methyl)selenocysteine . Further studies are under way at the food composition laboratory to distinguish between these two forms and to evaluate distribution of Semet in various wheat-based food products.
